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Type 1 active galactic nuclei display broad emission lines, regarded as arising from photoion-
ized gas moving in the gravitational potential of a supermassive black hole1, 2. The origin of
this broad-line region gas is unresolved so far1, 2, 3, however. Another component is the dusty
torus4 beyond the broad-line region, likely an assembly of discrete clumps5, 6, 7 that can hide
the region from some viewing angles and make them observationally appear as Type 2 ob-
jects. Here we report that these clumps moving within the dust sublimation radius, like the
molecular cloud G2 discovered in the Galactic center8, will be tidally disrupted by the hole,
resulting in some gas becoming bound at smaller radii while other gas is ejected and returns
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to the torus. The clumps fulfill necessary conditions to be photoionized9. Specific dynamical
components of tidally disrupted clumps include spiral-in gas as inflow, circularized gas, and
ejecta as outflow. We calculate various profiles of emission lines from these clouds, and find
they generally agree with Hβ profiles of Palomar-Green quasars10. We find that asymmetry,
shape and shift of the profiles strongly depend on [O III] luminosity, which we interpret as
a proxy of dusty torus angles. Tidally disrupted clumps from the torus may represent the
source of the broad-line region gas.
The mass of individual clumps can be estimated by the tidal disruption condition at the
dust sublimation radius given by the inner edge of torus, Dsub ≈ 0.4L1/245 T−2.61500 pc, where L45 =
LUV/10
45 erg s−1 and T1500 = Tsub/1500K is the dust sublimation temperature
11, 6, 12. The tidal
disruption happens at or inside the Roche limit of Dtid = (M•/MC)
1/3RC, whereM• is the black
hole mass, MC is the clump mass, and RC = (MC/πNHmp)
1/2
is the size, where NH is the
column density and mp is the proton mass. Dust-free clouds are disrupted when Dtid . Dsub,
and therefore the largest dust-free clouds are given by MC/M⊕ ≈ 2.4 ǫ3M8T−15.61500 N324, their size
is RC = 5.1 × 1013 ǫ3/2M1/28 N24T−7.81500 cm and density nC = 1.5 × 1010 ǫ−3/2M−1/28 T 7.81500 cm−3,
where M⊕ is the earth mass, ǫ = L45/M8, M8 = M•/10
8M⊙ and N24 = NH/10
24 cm−2. For
active galactic nuclei (AGNs) with M•/M⊙ = 10
6 ∼ 109 and ǫ = 1, we haveMC/M⊕ ≈ 0.02 ∼
24.0. This estimate shows that the typical properties of the captured clumps generally fulfill the
photoionization condition for broad emission lines of AGNs and quasars9. Moreover, we realize
that (MC, RC, nC) are very sensitive to Tsub, implying that properties of broad-line regions (BLR)
generally depend on processes of dust production in galactic nuclei. Note that ǫ = 1 corresponds
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to Eddington ratios of LBol/LEdd ≈ 0.35, where LBol ≈ 5LUV is used13. In the Galactic center,
G2 with a mass of 3M⊕ captured by the central black hole
8 is well in this range of MC, lending
support for the idea that such captures could be common in other galactic centers.
Collisions among clumps drive them to fall within Dsub and determine tidal capture rates.
For a simple model14, the rates are about M˙ ∼ 1.0M⊙ yr−1 for typical torus parameters, which
is a typical AGN accretion rate, implying a promising fueling mechanism. The stationary num-
bers of the captured clumps can be evaluated by continuity from torus to the BLR. The number
density of captured clouds (NC) can be simply estimated from the fuelling rates, which is written
as M˙ ≈ 2∆ΩD2subNCMCfvVff , where ∆Ω = 2π sinΘtorus is the half solid angle subtended by
the torus (see Figure 1), Vff = (GM•/Dsub)
1/2
is the free-fall velocity and fv is a fraction of the
free-fall velocity. The total number of clouds is about Ntot = 2∆ΩD
3
subNC/3, leading to
Ntot ≈ 6 × 107 ε0f−10.3M1/48 N−324 T 11.71500, where ε0 = ǫ−9/4M˙1M−18 , f0.3 = fv/0.3 and M˙1 =
M˙/1M⊙yr
−1 supplied typically by the torus14. For typical values of parameters, this number is
well in agreement with 3×107 clouds in NGC 4151, the lower limit based on Keck high-resolution
spectroscopic observations15. If Tsub ∼ 2000K, Ntot ∼ 1.7 × 109. In principle, tidal captures by
the central black hole can generally supply enough clouds to the BLR.
Capture rates are R˙ ∼ M˙/MC ≈ 105 M˙1M−1C,2.4yr−1, where MC,2.4 = MC/2.4M⊕. Such
a high rate makes capture events essentially continuous to form stationary spiral inflows to the
black hole. Captured clumps at the mid-plane will naturally form and fuel accretion discs. How-
ever, vertical self-gravity instabilities drive the outer regions of the discs, beyond16 Rsg/Rg ≈
3
603 (α0.1/M8)
2/9 ˙M 4/9, to fragment into dense clouds or stars, where Rg = GM•/c
2 is the gravi-
tational radius, α0.1 = αSS/0.1 is the viscosity parameter, and
˙M = M˙/M˙Edd is the dimensionless
rate normalized by M˙Edd = 0.22M8M⊙yr
−1. Such a self-gravitating disc is composed of dense
clouds and diffuse dusty gas17, 18. The disc conditions allow the BLR clouds to pass through, but
the optical depth of the gas, τ ≈ 4.0(λ/0.7µm)−1.5N22 for Milky Way dust19, is sufficient to
cause line emission from the BLR clouds through the disc to experience high extinction, where
N22 = N
d
H/10
22cm−2 is hydrogen column density of the disc. The captured clouds from the lower
half-plane torus are obscured by the disc, resulting in asymmetries of line profiles. There may be a
fraction of clumps colliding with the dense clouds of the self-gravitating disc beyondRsg, but most
of them can penetrate the disc betweenRBLR ∈ [Rsg, Dsub], whereRBLR/Rg ≈ 6.2×103 L1/244 M−18
is the emissivity-averaged BLR radius20 and L44 is the 5100A˚ luminosity in units of 10
44erg s−1.
Unlike the tidal disruption of stars21, the captured clumps are undergoing a more complex
process, governed additionally by other significant factors such as ram pressure, ablation due
to friction, and evaporation from thermal conduction with a hot medium and drag forces of the
surroundings22. The fates of the clumps are difficult to assess due to uncertainty as to their internal
states but they are either distorted or partially disrupted. See a brief discussion on this issue given
in the Methods section. However, there is evidence that cloud G2 could be connected with G123, 24,
implying that the clumps may split as a result of the tidal force. If the clumps are supported by
an internal magnetic field at a level of milli Gauss14, 23, 24, their fates will be similar to the case of
stars: the tidal torque spins them up and imparts the orbital energy to the captured clumps until
they split into two parts of unequal energy, one bound and the other unbound21. A fraction of the
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orbital energy is thus channelled into the ejection of gas. The ejection fraction (fC) of the captured
clumps depends on their internal states, and we estimate this dependence in the Methods section.
Figure 1a shows a cartoon of the present scenario.
Generally, the bound clouds experience two phases: 1) spiral-in with an elliptical orbit and
2) circularization driven by the factors mentioned previously22, 24. We refer to them as type A and
B clouds, respectively. Here circularized clouds mean their rotation dominates over their infalling
velocity. Type B clouds eventually merge into the accretion disc, otherwise, there is a pile-up of
material from the tidal captures. The unbound material, type C clouds, are ejected. We can broadly
characterize the type A, B and C clouds as infalling, rotating, and outflowing, respectively.
We now present the profiles of these tidally disrupted clumps under the frame as shown by
Figure 1b. All quantities are explained in Supplementary Table 1 in the Methods section. For type
A clouds, (ζ0, ξA, γA, i,Θtorus) are the main determinants of their contribution to the emission-line
profile. ζ0 determines trajectories of type A clouds and hence their velocity structure. Fixing
(ξA, γA, i,Θtorus) = (0.9, 0, 60
◦, 70◦), we show the dependence of the resulting profiles on ζ0 in
Figure 2a. Clouds with small ζ0 will fall rapidly inward, for example, ones with ζ0 = 0.1, infall
dominates their dynamics. Profiles are dominated by the infalling component and generally show
redshifted peaks with ζ0 as shown by Figure 2a. Decreasing ζ0, profiles change in two ways:
1) the red peak shifts increasingly redward and 2) asymmetry is decreased. Large−ζ0 clouds
spiral in slowly, over many orbits, showing quasi-symmetric profiles similar to type B clouds (i.e.,
more components from rotation-dominated clouds). These calculations show that tidally disrupted
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clumps observationally appear as asymmetric velocity profiles with centroid shifts.
Figure 2b shows the profile dependence on γ
A
for (ζ0, ξA, i,Θtorus, ) = (1, 0.9, 60
◦, 70◦). The
number of high-speed clouds increases if γ
A
increases, and profiles shift toward the red. Figure
2c shows the dependence on Θtorus. Small Θtorus makes the capture plane more likely to have
large i as viewed by observers, decreases the projected velocities of the infall and hence the red
wings. Double peaks appear for cases with a geometrically thin torus (i.e., small Θtorus) and low-i
observers. This has important implications, namely that AGNs with large torus angles will have
an excess of red emission relative to the blue. The dependence of profiles on orientation is shown
by Figure 2d. It is clear that the more face-on system leads to narrower profiles as discovered,
but asymmetries remain, with excess emission on the redshifted side of the profile. Profiles also
depend on ξA, but only linearly.
For type B clouds, the profiles, which are relatively simple compared to those from type A
clouds, are mainly determined by the inner radius (Rin) and the spatial distribution of clouds along
the radius NB ∝ vγBB as well as i, NB is the number of clouds per unit radius, and γB is an index.
We take r0 = RBLR/R
0
T = 0.62 for the circularized radius. Figure 2e and 2f show the spectral
dependences on γ
B
and i, respectively. Given an i, the profiles broaden with increasing γ
B
since
more clouds are located in the inner regions. The higher the inclination i, the narrower the profiles.
Type B clouds may contribute the majority of the total BLR emission, but they could be mixed
with the type A profiles with high-ζ0.
Generally, type C clouds simply show blue-shifted emission lines as in Figures 2g and 2h.
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Except for inclination, the ejection velocity and γ
C
are the main parameters governing the profiles
emitted by these clouds. The larger γ
C
, the less blue-shifted the profile because there are fewer
high speed clouds than the low speed. The blue peak shifts with inclination simply due to the
projection of the net velocity of the clouds. Obviously, the clouds contribute to the blue excess of
the total profiles shown by Figure 2g and 2h for different parameters.
Emission from type A, B and C clouds with different ratios and shifts generate a diverse
range of BLR emission-line profiles. We took efforts to calculate profiles for a larger ranges of
model parameters than that shown in Figure 2 in order to find the nature of the dependence of the
profiles on each parameter. From these exercises, we in the end chose 10 as primary parameters
and others as the auxiliary (the latter of which we held fixed in the fittings for all objects). We
apply the present model to PG quasars to determine if it can account for the nature of the observed
Hβ profiles (see the fitting scheme explained in the Methods).
Figure 3 shows fitting results of Hβ profiles in four example quasars (parameters are pro-
vided by Supplementary Table 2); a complete sample of PG quasar Hβ profile fittings are provided
in Methods, including the distributions of fitting parameters. Supplementary Table 3 lists classi-
fications of the resultant fittings according to the relative fluxes of type A, B, and C clouds to the
total. We find that the average fraction of type C clouds is 〈fC〉 ≈ 0.1 and fC ≪ (fA, fB) in most
objects from their distributions in the Method. This nicely agrees with the estimate of Equation
(7). The fittings indicate that Hβ profiles of PG quasars can be generally fitted very well, showing
robustness of the present model. Moreover, the fittings decompose entire Hβ profiles for physical
7
analyses.
Defining AHβ, SHβ and ZHβ as asymmetries, shapes, and shifts of profiles in Methods, we
explore their correlations with the observed [O III]λ5007 luminosity (L[OIII]) as a proxy of dusty
torus angles25, 26, 1. Correlations are shown in Figure 4. Comparing with correlations found in
PG quasars (see Table 3 in Ref.10), we find that the present correlations are among the strongest.
Therefore, properties of the physically decomposed components (AHβ, SHβ and ZHβ) strongly
depend on L[OIII], and likely torus angles, lending support for the origin of the BLR from the torus.
The possibility of discrete clouds as the BLR model, supported by observations28, has been
suggested for many years29, but their origin and supply remain open questions30 so far. In this
paper, we demonstrate one possibility of the origin of the BLR. The simplified model yields ma-
jor features of observational characteristics. In the future, it is worth using numerical simulations
to investigate the entire dynamical evolution of the clumps which would provide more detailed
comparisons with observed profiles. In such a model, the BLR is one phase in the path of fu-
eling the black hole, physically connecting the torus, BLR, and accretion discs to each other. A
self-consistent model should consider the dynamics and thermodynamics of clouds not only for
profiles, but also for low/high ionisation regions emitting different lines. Reverberation of Hβ line
and near-infrared emissions with respect to the varying continuum in AGNs, in particular ones
with asymmetric Hβ profiles, will provide tests of the connection between the BLR and torus com-
ponents. Given the importance of broad-emission lines in measuring black hole masses, this is a
compelling goal.
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Figure 1 The scheme of the present model. Panel a shows a cartoon of the tidal disruption of clumps
moving to the inner region of the torus. The red and blue colours indicate redshifts and blue shifts of line
emissions after tidal disruption of clumps from the torus. Panel b is the frame for calculations of profiles,
observers are in Y OZ-plane of the XY Z-frame. One of the clumps is orbiting in the X
C
OY
C
-plane, which is
obtained by rotating the X-axis around the Z-axis (ϕ
C
) and rotating the OZ-axis around the OX
C
-axis (θ
C
).
The OY
C
-axis is the major axis of the elliptical orbit and the OZ
C
-axis is the normal direction of the orbital
plane. Capture planes are defined as the orbital planes of individual clumps. Θtorus is the torus angle, which
is defined by the angle from the mid plane to the inner edge of the torus (from OY -axis to the edge in the
Y OZ-plane).
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Figure 2 Various profiles of the models with a wide ranges of parameters. Panels a-d show spectra for
type A clouds, e-f for the type B and g-h for the type C. The small boxes are zoom-in profiles of the peaks to
clarify their fine structures. In panels a-d, we show the profile dependence on (ζ0, γA ,Θtorus, i), respectively,
for given other parameters with typical values of (ζ0, γA ,Θtorus, i)=(1, 0, 60
◦, 70◦), ξA = 0.9 and γ = 0. Type
B clouds have symmetric profiles, but their widths change with cloud spatial distributions and inclinations.
In panel e, γ
B
= (2, 3, 4) whereas dependence on i and (γ, γ
B
) = (0, 2) is shown in panel f. Type C clouds
ejected by tidal dynamics generally show profiles with blue shifts. In panel g, the profile dependence on γ
C
is shown for a fixed (ξC, i) = (2, 60
◦) whereas the dependence on i for a fixed (ξC, γC) = (2, 0) in panel i.
The dashed lines indicate λ0 = 4861A˚.
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Methods
Comparison with the Galactic center Recently the black hole at the Galactic center was ob-
served to capture the molecular cloud G2, massing∼ 3M⊕, at a distance of∼ 2400 Schwartzschild
radii8, 23. The tidal interaction of the black hole and G2 produced a number of observational
features23, 24. As we showed for typical values of parameters, the range of captured mass nicely
spans the properties of the G2 cloud in the Galactic center. Such an event motivated us to think
about other galaxies including AGNs: tidal captures of molecular clouds could be a common phe-
nomena in galactic centers. As a reservoir of gas, the dusty torus provides a potential source of
BLR gas via tidal captures, which could unite the torus, BLR, and accretion discs in AGNs.
The mass of captured clouds is sensitive to black hole mass, very sensitive to the ratio of ǫ,
and also sensitive in particular to the dust sublimation temperature. Our estimate is only valid for
AGNs with normal Eddington ratios since the sublimation radius depends on the spectral energy
distributions (SEDs) (SDSS quasars have LBol/LEdd = 0.1 ∼ 0.5 distributed in a fairly narrow
range, see Figure 12 in Ref.31). Considering a wide range of black hole mass, MC is mostly
controlled by M• and Tsub. We note that Tsub can reach even 2000K influenced by effects of gas
density or on chemical composition12, leading to a vast change ofMC by a factor of 90 due to the
extreme sensitivity ofMC ∝ T−15.61500 . This strong dependence implies that the BLR clouds rely on
dust composition (which is related to star formation history of accretion discs18, 32, circumnuclear
regions, and even of bulge regions). This could explain the dependence of metallicity on black
hole mass or Eddington ratio in light of sensitivity of line flux ratios to metallicity33, 34, 35. Further
exploring these relations will aid our understanding of issues of galactic center evolution. We keep
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all of these as open hypotheses in mind, which are needed to explore in detail the capture of clumps
through numerical simulations.
Dynamics of tidally disrupted clumps. A dusty torus is recognized today to exist in AGNs gen-
erally. There is increasing evidence that the torus is not uniform, but rather composed of randomly
moving dusty clumps; for instance, interferometric mid-infrared observations of NGC 1068 show
the presence of dusty clumps5. Clumpy torus models are now commonly employed to explain
the near-to-mid infrared continuum in quasars and Seyfert galaxies7, 36, 37, 38, 39, 40, 41, 42, 43, 44. The
discovery of radial motion of ionised gas deduced from quasar spectra45, and in particular, the sys-
tematical shifts of the intermediate component of Hβ line with the same shifts of Fe II in SDSS
large sample of quasars, imply a likely supply of the BLR gas from the inner edge of torus46, 47.
The tidally captured clumps are undergoing complicated processes. It has been shown that
collisions among clumps inside the torus are an efficient way to lose their angular momentum,
leading to an inflow to fuel the central black hole. The rate of mass inflow depends on several
factors, such as: the inelasticity of collisions (δdiss), the fraction of the cloud’s mass which partici-
pates in the collisions (fm), the covering factor of the torus (C ), the dispersion velocity (∆v), and
the column density of clumps (NH,t). The rates can be written as (see Equation 15 in Ref.
14)
M˙ ≈ 1.0R1/20.4M1/28
(
fm
0.2
)(
δdiss
0.3
)(
CNH,t
1024cm−2
)(
∆vz
vorb
)(
∆v
vorb
)
M⊙ yr
−1, (1)
where R0.4 is the inner edge of the torus in units of 0.4 parsec, vorb is the orbital velocity at R0.4,
∆vz and∆v are the dispersion velocities of clumps in the vertical and total directions, respectively.
Details of the colliding clumps, such as fm and δdiss can be found in Ref. 13. The ratios of∆v/vorb
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and ∆vz/vorb determine thickness of the torus. Actually, collisions of clumps provide a physical
mechanism to maintain the thickness of the tori for AGN unification schemes. Given the internal
physics of clumps (fm, δdiss and NH,t), on the other hand, C also plays a key role in the mass rate
of the inflow. Equation (1) shows an evolutionary rate of mass inflow with geometry and covering
factors of tori48. The improved model of clumpy accretion discs49 provides a similar rate of mass
inflow and detailed investigations of numerical simulations are needed for torus50.
The G2 cloud has been investigated by numerical simulations that include ablation, evap-
oration and compression, the complex dynamics incorporating drag forces that are either linear
or proportional to the square of the velocity23, and radiation pressure (see a series of equations
for details in Section 4 in Ref.22), however, for the captured clumps in AGNs, they are undergo-
ing variations of thermal states due to cooling and heating of the accretion disc. Several other
factors can be excluded by the following considerations. The heating power generated by the self-
gravity of the clumps is of order E˙sg ≈ GM2CR˙C/R2C ≈ 1.4 × 1028M2C,2.4R−214 R˙7 erg s−1, where
R14 = RC/10
14cm is the typical size of the clumps, R˙C = dRC/dt is the contracting velocity,
R˙7 = R˙C/10
7cm s−1. The compression power depends on the density and temperature of the sur-
rounding medium, which usually scales as (nf , Tf) ∝ R−1 in the Galactic center51, 52. Following
this relation, we take Tf = 4.1 × 107D−1sub,0.4K and nf = 3.2 × 103D−1sub,0.4cm−3, the compression
power is given by W˙ = 4πR2cPfR˙C ≈ 2.3 × 1031D−2sub,0.4R214R˙7erg s−1, where Pf = nfkTf is the
ram pressure, k is the Boltzmann constant, and Dsub,0.4 = Dsub/0.4pc. The ratio of AGN heating
to the compression is about LAGND
−2
sub/W˙R
−2
C ≈ 3 × 105 for LAGN ∼ 1045erg s−1, indicating
that heating fluxes of compression and self-gravity are much smaller than that of the accretion disc
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in AGNs, but it may be very important for G2 in the Galactic center. A thermal balance is then
expected between the heating of AGN radiation and cooling of captured clumps.
The ablation timescale is sensitive to the density ratio of the clouds to their surroundings,
which is approximately given by tabl ≈ 108R14V −13 (nC/107nf) yrs = 108R14V −13 n10Dsub,0.4 yrs
(Equation 6 in Ref.22), where n10 = nC/10
10cm−3, V3 = VC/10
3km s−1 is the clump veloc-
ity relative to their surroundings and nf is used. Here we keep the assumption that clouds hold
equilibrium with their surroundings. We find that tabl is much longer than the free-fall timescale
of tff = Dsub/Vff ≈ 375 ǫ3/4M1/48 T−3.91500 yrs. The evaporation timescale, driven by thermal con-
duction of the hot surrounding medium, is tevap ≈ 883 ǫ9/4M−3/48 N24T−3.91500 yrs for the saturated
evaporation (Equation 64 in Ref.53). Considering uncertainties of the parameters, we may have
tevap ∼ tff ≪ tabl, indicating that the ablation can be completely neglected, but the evaporation
is important, in particular, it may govern differences of high/low ionisation line regions formed
during the spiral-in of the captured clumps.
A complete calculation of all the physical details of the captured clumps should invoke all of
equations of the dynamics, thermodynamics, and radiation. We need to incorporate the equations
listed in Ref.22 involving the cooling and heating of the accretion discs along with the volume
compression driven by the ram pressure. These processes invoke thermal instability54, leading to
the rapid formation of BLR clouds (with the typical density of ∼ 1010−11cm−3) from the tidally
captured clumps during the cooling timescale of the clumps of tcooling ≈ 14 T4 (n10Λ23)−1s, where
T4 = T/10
4K and Λ23 = Λ/10
−23erg s−1cm3 is the cooling function55. Such a calculation will
self-consistently generate dynamics and radiation of emission lines from the clumps (to be carried
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out in an separate paper). We also note that some clouds could be destroyed30, 56, however, the
clumps are continually supplied by tidal captures from the torus. In such a way, the BLR maintains
a quasi-stationary state through balancing captures and mergers with accretion discs as done for
the estimation of total clouds.
There are some simplified analytical approaches to the dynamics of clouds in the BLR, such
as for the case of constant mass, but they are likely insufficient57, 58, 59. While a detailed treatment
of the dynamics of a tidally captured clump is beyond the scope of the present paper, we consider
how the major characteristics of the above dynamical scenario will manifest observationally. In the
frame of the X
C
Y
C
Z
C
-plane as the tidal disruption plane shown in Figure 1b, for type A clouds,
we describe the simplified dynamics as
v
A
= v0
A
(
R/R0T
)−α
A , (2)
and angular velocity
ω
A
= ω0
A
(
R/R0T
)−β
A , (3)
for R > R0, where ωA = dϕb/dt and vA = −dR/dt. We assume that tidal disruption happens at
a radius of R0T and an angle of ϕ0 with v
0
A
and ω0
A
. Here R0 is the circularized radius due to drag
forces. Type A and B cloud orbits are tangent at the pericentre point.
Combining Equations (2) and (3) for R > R0, we can write the trajectories of type A clouds
r =
[
rΓtorus − ζ−10 Γ (ϕb − ϕ0)
]1/Γ
, (4)
where r = R/R0T, Γ = (1 + αA − βA), rtorus = Rtorus/R0T is the inner edge of the torus, and
ζ0 = R
0
Tω
0
A/v
0
A mainly determining the spiral-in trajectory. Equation (4) generates various kinds
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of spiral-in trajectories and describes the clouds moving under the influence of the drag forces.
The maximum ϕb for the spiral-in clouds is given by ϕmax = ϕ0 + ζ0Γ
−1
(
rΓtorus − rΓ0
)
, where
r0 = R0/R
0
T. We note that Γ is a variable, but it can not span a large range due to practical limits
on α
A
and β
A
. The larger ζ0, the more cycles of the spiral-in. With Equation (4), we have velocities
of 

vA
X
C
vA
Y
C
vA
Z
C


= −v0A


r−αA cosϕb + ζ0r
1−β
A sinϕb
r−αA sinϕb − ζ0r1−βA cosϕb
0


. (5)
and the total velocity of
vA = v
0
A
[
r−2αA + ζ20r
2(1−β
A
)
]1/2
, (6)
in the X
C
Y
C
Z
C
-plane. The mass distribution of the clouds is assumed to be NA ∝ vγAA owing to
insufficiently understood dynamics. The index γ
A
& 0 is expected for mass conservation.
Type B clouds orbit around the black hole, but they gradually drift onto the accretion disc. For
the calculation of spectral profiles, this is equivalent to a series of rings with different orientations
and radii. In the X
C
Y
C
Z
C
-frame, we have vB
X
C
= −vK sinϕb, vB
Y
C
= vK cosϕb and v
B
Z
C
= 0,
where vK is the Keplerian velocity. For different capture events, R has a distribution from R0
to Rin, where Rin is the inner edge of the BLR (we take Rin < RBLR and assume clouds follow
NB ∝ vγBB ). This component could contribute the majority of the observed broad emission. We
note here that type A clouds observationally overlap the type B clouds if ζ0 is large enough.
Type C clouds also undergo interaction with their surroundings, but they escape from the
black hole potential. We simplify their trajectory as a straight line after the pericentre. This tra-
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jectory is simply given by R = R0T/ cosϕb, in the XCYCZC-frame. With insufficient details of the
tidal dynamics, we assume the approximate initial velocity of the ejected clouds to be v0C = ξCv
0
K
and ξC & 1, where v
0
K is the Keplerian velocity at R
0
T. For the decelerating dynamics of the es-
caping clouds, we assume velocities in the form vC
Y
C
= v0C (R/R
0
T)
−α
C , vC
X
C
= vC
Z
C
= 0, and the
spatial distribution is NC ∝ vγCC , where αC > 0 (deceleration by drags) or αC < 0 (acceleration
driven by radiation pressure of accretion discs), NC is the type C cloud number for unit radius,
and γ
C
is the power-law index. The acceleration driven by radiation pressure depends on several
factors, including column density, metallicity, and the degree of ionisation of the clumps.
Ejection fraction. The fraction of type C clouds depends on details of their internal states and
tidal interaction. We first consider the simpler case of a solar-type star with mass of m∗ and
radius of r∗, with the side extending away from the black hole having an extra velocity above or-
bital, whereas the side closest to the black hole has a comparable velocity deficit. This black hole
tidal torque therefore forces the star to rotate until disruption, when rotational energy is compa-
rable with self-gravitational energy. Specific energies of the stellar gas are distributed in a range
of Emax = (Gm∗/r∗)
[
(M•/m∗)
1/3 − 1
]
to Emin = − (Gm∗/r∗)
[
(M•/m∗)
1/3 + 1
]
in a sin-
gle flyby21. Taking a uniform distribution of energy over stellar mass21, confirmed by numerical
simulations60, the ejection fraction can be obtained by fC = Emax/ (Emax − Emin) ≈ 0.5 due to
(M•/m∗)
1/3 ≫ 1. This estimate is valid only for solar-type stars since the dynamical timescale for
a captured star holds tdyn ≪ torb, where torb is the orbital timescale. However, it does not directly
apply to the clumps we consider. If tdyn ≫ torb holds, the clumps will be stretched into a ring.
When tdyn & η0torb holds, where η0 is a significant fraction, the clumps will be partially ejected.
24
It is difficult to derive expression of fC without details of the internet states of the clumps,
but we can derive its dependence on (ǫ,M•, Tsub) following the above arguments. The mass of
the tidally captured clumps governed by the sound wave, and is given byM ′C ≈ 4pi3 nCmp (cstorb)3
during one orbit torb, where cs is the sound speed. Actually, M
′
C is the effective mass as part of
one clump can be tidally disrupted like a star, and half its mass ejected by the tidal force. We
thus have the fraction of fC ≈ 0.5M ′C/MC ∝ (torb/tdyn)3, where tdyn is the dynamical timescale
and MC = 4πnCmpR
3
C/3. The self-gravity free-fall timescale is tsg = (4πGnCmp/3)
−1/2 =
1.57 × 1011 T 1/21500Dsub,0.4, where we use the pressure balance nCTC = nfTf ≈ 1.3 × 1011D−2sub,0.4,
where TC is the temperature of clouds. Setting tdyn = tsg and TC ≈ Tsub, we have torb/tdyn ≈
0.48M
−1/2
8 D
1/2
sub,0.4T
−1/2
1500 , yielding
fC ≈ 0.06 ǫ3/4M−3/48 T−5.41500 . (7)
Holding T1500 constant, fC increases with ǫ and decreases with M8. This factor fC is determined
by the competition between the self-gravity and tidal forces. Only the self-gravitating part of the
clumps can be tidally disrupted and the rest is tidally captured and is not able to adjust through
self-gravity and tidal forces, in order to form type A and B clouds. Since ǫ represents Eddington
ratios (or accretion rates), Equation (7) shows that AGNs with high accretion rates and less massive
black holes will produce more type C clouds, namely, more outflows. This is generally consistent
with narrow line Seyfert 1 galaxies observed in UV band61, which are generally regarded as AGNs
containing less massive black holes with high accretion rates. This estimate shows type C clouds
only contribute a small fraction to the total profiles. We should keep in mind that the current
estimation of fC is obtained by a highly simplified treatment.
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Emission-line profiles. Using the rotation matrix, we transform cloud velocities in the X
C
Y
C
Z
C
into the XY Z-frame for the projected velocity to the line of sight

v
‖
A
v
‖
B
v
‖
C


=


−v0A (q1 cosϕb + q2 sinϕb)
vK(−p1 sinϕb + p2 cosϕb)
v0Cp2 (cosϕb)
α
C


, (8)
for type A, B and C clouds, where q1 = p1r
−α
A − p2ζ0r1−βA , q2 = p1ζ0r1−βA + p2r−αA , p1 =
sinϕ
C
cos i and p2 = sin θC sin i+cosϕC cos θC cos i. For extremely high R˙, the global distribution
of captured clumps has a stationary configuration. This allows us to treat the problem in a stationary
way. Taking a narrowGaussian as our emission-line profile for individual clouds, we can determine
the emission from the type A, B, and C components for an individual tidal capture:
fAλ =
∫ ϕmax
ϕ0
NA(vA)G(λ)dϕb, (9)
fBλ =
∫ rin
r0
rdr
∫ 2pi
0
NB(vB)G(λ)dϕb, (10)
and
fCλ =
∫ pi/2
0
NC(vC)G(λ)dϕb, (11)
where G(λ) =
(√
2π∆λ
)−1
exp [−(λ− λ0)2/2(∆λ)2] is the Gaussian function and λ0 is the in-
trinsic wavelength and ∆λ is the width of the line. Assuming high capture rates with random
directions, we can write the probability distribution of orientations as proportional to (cos θC)
γ
,
where γ depends on the vertical structure of the torus. We now write the emission from successive
captured clumps from the upper mid-plane
Fλ =
∫ 2pi
0
dϕ
∫ Θtorus
0
dθ (cos θC)
γ (fAλ + fBλ + fCλ ) . (12)
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The fractions from each components can be obtained from
fA =
FA
Ftot
; fB =
FB
Ftot
, (13)
where fC = 1− fA − fB, FA,B,C are the fluxes from type A, B, C clouds, respectively, and Ftot is
the total flux. Here we include only captures from above the mid-plane of the torus, assuming that
the disc is optically thick. In Equations (9) and (12), we assume that clouds are optically thin and
radiating Hβ photons isotropically.
Supplementary Table 1 summarises all the parameters and ranges used in our model. The
first ten parameters are the primary drivers of the observed profiles whereas others are auxiliary and
can be constrained by either observations or determined to reside within small ranges by physical
constraints. We take Rtorus/Rg = 8.5× 104 L1/245 T−2.61500M−18 as the outer boundary of tidal captures
consistent with the results from NIR-RM62. The circularized radius of disrupted clumps can be
conveniently approximated by the reverberation mapping relation of R0 & RBLR. We lack the
details of specific tidal disruption locations without internal states of the clumps, but do know that
R0T ∈ [R0, Rtorus] holds. For an illustration of the present model, we assume R0T/Rg = 104 and
ϕ0 = π/2. Assuming the total initial velocity of V
0
tot = ξAvK at R
0
T, we have v
0
A = ξA(ζ
2
0 +
1)−1/2vK from V
0
tot =
[
(v0A)
2
+ (R0Tω
0
A)
2
]1/2
= (ζ20 + 1)
1/2v0A, where ξA is a constant (ξA < 1
for type A clouds since they are bound). Since type A clouds are bound, α
A
< 1/2 follows from
v0A ≤ (GM•/R0)1/2 as an infall velocity less than the free-fall velocity and βA > 3/2 for sub-
Keplerian rotation. In our calculations, we take Γ = −0.25 (α
A
= 0.45 and β
A
= 1.8), ξA = 0.9
and γ
A
= 0 for illustrations. For simplicity, we assume that all the captured clumps are same
and tidally disrupted at the same distance to the central black hole. This approximation is actually
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equivalent to a kind of averaged captured radii for the global system of captured clumps. Future
improvement of this approximation can be done by numerical simulations. We take λ0 = 4861A˚
and ∆λ = 1A˚ for the Hβ line.
Fitting Hβ profiles of PG quasars We use a tested quasar spectral fitting procedure46 to obtain
Hβ profile fits between (4761 − 4961)A˚ of PG quasars after subtracting Hβ narrow components,
Fe II, [O III] emission lines and continuum. We define χ2 =
∑N
i=1
(
Fmodλi − F obsλi
)2
/σ2i , where
Fmodλi , F
obs
λi
and σi are the model, observed fluxes and errors, respectively, and N is the number of
wavelength points. For a given set of model parameters Π, their posterior probability distributions
are given by the Bayes theorem p(Π|D) ∝ exp (−χ2/2) p(Π), where p(Π) is the prior distribution
of model parameters. We assume it to be flat, namely, p(Π) = a constant. The Markov Chain
Monte Carlo (MCMC) method is employed to find the best fit to data D.
As listed in Supplementary Table 1, there are 20 parameters for a full description of the
global model. We attempt to optimize fitting in two aspects: 1) to reduce number of the model
parameters, and 2) to reduce degeneracy among the parameters. In order to achieve the two goals,
we choose the most sensitive parameters by taking into account their roles in the model. We
note that emissivities should depend on radius (expressed by some auxiliary parameters of γ
A
, γ
B
and γ
C
), but we only choose γ
A
and γ
B
(γ
C
is regarded as one auxiliary because type C clouds
are always small contribution to the total). For type A clouds, ζ0 is the major driver of spiral-in
trajectories and infalling velocity shifts. In principle, ξA is independent of ζ0, but is degenerate
with ζ0. We have three of (ζ0, ξA, γA) for type A clouds. For type B clouds, R0 (the inner and the
outer radii of type A and B clouds, respectively) connects type A and B clouds, Rin determines
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the width of the symmetric profiles, fB does the relative flux to the total and γA determines the
emissivity distributions of type B clouds. We have four parameters of (R0, Rin, γB, fB) for type B
clouds. For type C clouds, ξC determines the shifts of blue components of spectra and fC does the
relative flux to the total. Inclination as the only external parameters of the model but still controls
apparent profiles. All other parameters are listed as auxiliary ones. Therefore, the majorities of
parameters controlling the profiles are Π = (ζ0, γA, ξA, R0, Rin, γB, fB, ξC, fC, i) and the auxiliary
parameters are fixed numbers given in bold fonts in Supplementary Table 1.
Torus angles play an important role in the integration of Equation (12). We used Θtours as
one of the fitting parameters, however, we found that the (i,Θtorus)-degeneracy is too significant
to yield reliable results. Actually, this is the major degeneracy in the model. Fortunately, the
receding torus relation of AGN allows us to break the degeneracy. Assuming completely random
orientations of AGNs, Θtorus can be estimated by f2 = ∆Ω/2π = sinΘtorus, where f2 is the
relative fraction of Type 2 AGNs63, 64, 65, 66. Torus angles follow from fractions of Type 2 AGNs
statistically1
sinΘtorus = 0.77− 0.16 logL[OIII],41, (14)
where L[OIII],41 = L[OIII]/10
41erg s−1, which is consistent with other empirical relation in Ref.25, 26.
We set a reasonable range ofΘtorus in the fittings through the scatters of Equation (14). Considering
the average scatters of about ∆f2 ≈ 0.15, we have ∆Θtorus = ∆f2/
√
1− f 22 ≈ 10◦, where
〈f2〉 ≈ 0.6, as the average range of Θtorus for all objects.
Inclinations are difficult to estimate, but several efforts67 for quasars and Seyfert 1 galaxies
show i = 40◦ ∼ 90◦ (orientations of PG quasars have not been systematically investigated). In our
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MCMC implementation, we include these physical constraints so as to alleviate some degeneracies
of the Π-parameters. Moreover, we set a constraint of i ≥ Θtorus, which is a necessary condition
for PG quasars as type 1 AGNs. We note that both i and Rin have influences on profile widths and
fB determines its relative contribution to the total, leading to a degeneracy of i with fB and Rin in
the fittings. This degeneracy can be alleviated by a self-consistent model discussed below.
Actually, it turns out that some of the Π-parameters are not critical (at least for individual
objects) as shown by the resultant fittings. We would like to point out that the main goal of the
PG quasar profile fitting exercise is to show the model characteristics by a comparison with data,
rather than the detailed fitting fine structure of the profiles of any individual objects. This allows us
to obtain the major statistical comparisons of the model with data. This can be done only after we
build up a self-consistent model briefly discussed in “Implications of the present model”, in which
numbers of some characterized parameters can be analysed.
All the fitted spectra are shown in Supplementary Figure 1 to illustrate the models for each
of the quasars, with a few exceptions (see notes on them). Contributions of three cloud types to
the total can be found by red, blue and yellow lines in the figure. The parameter Π-distributions
are given in Supplementary Figure 2, showing that the parameters obtained by the fittings are
reasonable. We attempt to find potential relationships among the fitting parameters, but only find
rather weak correlations. This indicates that the parameters likely have only weak degeneracies
and thus the present options of fitting parameters are quite good.
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Hβ profiles in PG quasars With the decomposition of Hβ profiles, we define the barycentre
wavelength and flux as λ¯ =
∫
λfλdλ/
∫
fλdλ and h =
1
2
∫
f 2λdλ/
∫
fλdλ for the component fλ,
respectively. Supplementary Figure 3 illustrates a cartoon of the decomposed profiles for (h, λ¯)
as well as for the following three parameters. As a first-order approximation, the two parame-
ters of (h, λ¯) are complete to describe the profiles of each decomposed components (A and C).
Asymmetries are mainly described by ratios of h whereas shapes and shifts by ∆λ.
Considering that component B is symmetric, we define the following parameters to charac-
terize asymmetry, shape and shift of profiles
AHβ = hA
hC
, SHβ = ∆λC +∆λA
FWHM
, and ZHβ = 1 + ∆λC −∆λA
FWHM
, (15)
where∆λA = λ¯A−λ0,∆λC = λ0− λ¯C, λ0 = 4861A˚ and FWHM is full-width-half-maximum of
the sum of broad components of the spectra. FWHM is a good indicator of line shape for Gaussian
profiles, but not enough to describe general profiles. The physical meaning of the SHβ parameter
indicates the relative width of one line with respect to its FWHM, representing the shapes of pro-
files. In Supplementary Figure 3, panel b-d show shapes with SHβ. The parameter ZHβ describes
the velocity differences between the type A and C clouds. The Boroson and Green definitions10
of similar parameters are based on observed total profiles, but they are insufficiently physically
understood. However, the present AHβ, SHβ and ZHβ are defined by components decomposed by
the model, making it easy to explore the nature of profiles. We note that the shape and the shift
defined by Ref.10 don’t correlate with L[OIII] (see their Table 3), but only the asymmetry. We find
the present asymmetry correlates with ones defined by Ref.10.
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We can introduce fA and fC as weights for
S ′Hβ =
fC∆λC + fA∆λA
FWHM
, and Z ′Hβ = 1 +
fC∆λC − fA∆λA
FWHM
, (16)
which are parallel to Equation (15). It is straightforward to show that Z ′Hβ is equivalent to the
definition of mean shifts of the total profile with respect to λ0. From the barycenter wavelength of
the total spectra given by λ¯ =
∫
λfλdλ/Ftot, we have λ¯ = fAλ¯A + fCλ¯C + fBλ0 = fA∆λA −
fC∆λC + λ0, where λ¯B = λ0 is used because of the symmetry of component B. Denoting ∆λ =
λ¯−λ0, we have∆λ = fA∆λA−fC∆λC, leading to relations ofZ ′Hβ = 1−∆λ/FWHM and S ′Hβ =
(2fA∆λA − ∆λ)/FWHM. This demonstrates that Z ′Hβ is independent of decompositions, but
S ′Hβ is still dependent. Actually, Z ′Hβ is different from the Boroson-Green’s definition of centroid
at 3/4 maximum from the rest wavelength in units of the FWHM. We plot (S ′Hβ,Z ′Hβ) versus
L[OIII] in Supplementary Figure 4. Comparing with Figure 4, we find that the (S ′Hβ,Z ′Hβ)− L[OIII]
correlations get weaker, but are still consistent generally. This suggests that the decomposition of
total profiles may provide more physical insight.
The error bars of AHβ, SHβ and ZHβ are mainly determined by (∆f/f)A,C. Using the aver-
aged values of 〈f〉A,C = (0.5, 0.1) and (∆f/f)A,C ≈ (0.2, 0.6) from Table 1, we have uncertainties
of ∆ log(AHβ,SHβ,ZHβ) ≈ (0.27, 0.14, 0.14) on average. (S ′Hβ,Z ′Hβ) have the similar error bars.
Here we use 10% as the general uncertainty of FWHM.
Inclinations of PG quasars Inclination angle is an important parameter, but extremely difficult
to estimate. The average inclination is 〈i〉 ≈ 63◦ obtained from the model fits to the PG sample. It
is challenging to compare in a meaningful way the inclinations of individual objects with inclina-
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tions estimated by other methods, but the distributions of the presently determined inclinations are
consistent with those of type 1 AGNs67. Our analyses find no significant difference of BLR incli-
nations between radio-loud and radio-quiet quasars. This is interesting in light of the comparison
of our inclinations of radio-loud PG quasars to those estimated by the self-synchrotron Compton
limit in radio-loud AGNs and quasars (see Figure 7 in Ref.68), which are generally consistent.
Moreover, the spectral slope in the (1700 − 3000)A˚ range could be an indicator of inclination in
broad absorption line quasars69. This motivates us to compare the slopes of the optical-ultraviolet
continuum of PG quasars2 with the present inclinations. Here the slope is defined by fν ∝ ν−αOUV
measured between (1549−4861)A˚. As shown by Supplementary Figure 5, the correlation is weak,
but the trend is clear (it should be noted that α
OUV
is defined in a significantly wider range than
the slopes in the (1700− 3000)A˚ range, which might weaken the correlation). This lends support
to the current inclinations from the present model. Similar tests can be done for a large sample of
SDSS quasars71 in the future.
Other models There are a number of ideas about the origin of the BLR gas that have been in-
vestigated. Most involve winds72, 73, 74, failed dusty winds75, 76 or magnetohydrodynamical (MHD)
winds77, 78 from accretion discs, radiation-pressure driven dusty outflows79, discrete clouds embed-
ded in a hot medium29, phenomenological models80, 81, 82, 83 (see Table 4 of Ref.32 for a brief sum-
mary, or a recent paper84), and finally condensation of warm absorbers suggested very recently84.
Disc wind models are problematic as they fail to meet observational constraints from velocity-
resolved reverberation mapping of AGNs85, to be inconsistent with evidence for the virialization
relation of FWHM ∝ τ−1/2Hβ in a couple of mapped AGNs (3C 390.3, NGC 3783, NGC 5548 and
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NGC 7469)86, where τHβ is the observed lags of Hβ line, or suffer from predictions of small cover-
ing factors of the BLR87. MHDmodels are quite flexible, but difficult to observationally test. X-ray
eclipses by material with BLR properties indicate that discrete clouds are present in the BLR28 .
Many phenomenological models involve two regions for low- and high-ionisation broad emission
lines separately (see the cartoon of Figure 1 in Ref.80). The necessary conditions are extensively
studied for broad emission lines: low-ionisation regions are the outer part of accretion discs, but
high-ionisation line regions with a spherical geometry composed of discrete clouds whose infalling
kinematics remains completely unknown (seemingly independent of accretion discs). Profiles have
not been compared with observations, yet. Recently, the failed dusty wind model, which is attrac-
tive to explain the observedR−L relation, receives much attention. However, much work remains
to be done in order to compare this model with observations, such as the calculation of profiles of
emission lines from the winds, the dependence of dynamics on vertical structure of the accretion
discs. Moreover, how to form C IV regions as high-ionisation regions (depending on radiation
pressure76 somehow) which may be smaller by a factor of 5 − 10 than Hβ regions88, fully remain
open questions.
Outflows are apparently common among AGNs89, 90, 91, and, if they originate from the in-
ner parts of accretion discs, there arises an interesting question: are the outflows in some way
associated with the existing BLR clouds? In principle, they are spatially overlapped somehow if
the outflows are approximately parallel to the disc surface, but the velocity-resolved reverberation
mapping of AGNs through spectroscopically monitoring campaigns shows evidence for inflows
and rotation in most AGNs92, 93, 94, and only two AGNs (NGC 3227 and Mrk 142) show evidence
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for outflows. This probably means that outflows are not the primary origin of the BLR, but also
that strong interactions are not so common. However, more campaigns are needed to generally
explore if there is such an interaction even if an outflow is not the primary source of the BLR.
Supposing that there is an efficient interaction between the discs winds and the BLR clouds,
we would speculate above effects of interactions. First, the BLR clouds cannot be destroyed by
the disc winds in the ablation timescale, but the drag force will be significantly enhanced (i.e.,
strongly affect ζ0). For simplicity, we estimate the wind density nw = M˙w/4πR
2
BLRVwmp,
where M˙w is the wind mass rate and Vw is its velocity. Using the RBLR − L relation20, we
have nw ≈ 106 M˙0M−1/28 L−3/444 cm−3 and thus tabl ≈ 2.5 × 104R14n10M˙−10 L44 yrs, where M˙0 =
M˙w/1M⊙ yr
−1 and Vw is taken to be the Keperian velocity at RBLR. This is much longer than
the timescales of capturing clumps. On the other hand, the thermal instability creates new clouds
in the thermal times scales95. The BLR is covered by more clouds so that the observed EW of
broad-lines will be enhanced significantly. Observational tests could be done by systematically
comparing EW(Hβ) of the AGNs with/without BLR outflows. Second, it has been suggested that
superluminous transients might appear in AGNs if disc winds collide with the BLR clouds (the
BLR clouds are treated as continuous fluid)96. We should keep cautious about these predictions
and hope future numerical simulations help understand such a complicated BLR.
Implications of the present model Given the ionisation parameter of Ξ = Lion/4πR
2
BLR
cpgas,
we have R
BLR
∝ L1/2ion ∝ L1/25100 if photoionization dominates the physics of the BLR, where Lion
and L5100 are the ionizing (for hydrogen atoms) and 5100A˚ luminosities, respectively, and pgas is
the gas pressure of ionized clouds in the BLR. The present model explains the R − L relation in
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term of the constant ionization parameter for photoionization20. Why the ionisation parameter is
essentially constant remains as a long-term open question97, 76, but it is worth of investigating if it is
caused by the evolution of the clumps from their capture locations until they merge with accretion
discs (discussed in “Dynamics of tidally disrupted clumps”). In this paper, we emphasize that the
BLR originates as a natural consequence of the tidal capture of clumps from the torus, which is
consequently the source of fuel for the accretion disc. We point out that AGNs with extremely
high accretion rates have Hβ lags much shorter than objects with the same luminosity from the
R
BLR
∝ L1/2 relation98, 99, 100. Even more complicated is the presence of multiple lags in NGC
5548 when it has quite high luminosity (∼ 1043.5erg s−1)101 (on the other hand, shortened Hβ lags
are common among AGNs with high accretion rates, but NGC 5548 only has once shown such
behaviour in the last 17 monitoring campaigns, indicating that the shortening mechanisms are
likely different). This at least indicates that there are sub-structures in the BLRs102. Furthermore,
true type 2 AGNs lacking broad emission lines could be explained by either their central black
holes having low accretion rates103, or the black holes having very high accretion rates104, 105. The
former can be easily explained by the lack of captured clumps. The later subject involves the
BLR structure, which the self-shadowing effects governed by the inner discs strongly influences in
AGNs with high accretion rates100.
In our model, tidal captures of clumps from the dusty torus determine the planes of the BLR
clouds, and therefore the poloidal geometry of the BLR, namely, ΘBLR ≈ Θtorus holds for Hβ
regions (low-ionisation line regions), and follows torus vertical structure. If the BLR thickness can
be reliably estimated by modeling reverberation mapping data106, 107, an interesting correlation is
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expected between (H/R)BLR , (H/R)torus of AGNs and quasars, providing one observational test
of the present scenario of the BLR origin, where H/R with subscripts are the relative thickness at
the characterized radius of the BLR and the torus, respectively.
It is worth doing numerical simulations of the present complex processes for in-depth com-
parisons with observations by making a more detailed physical and self-consistent model, which
includes the dynamics of interactions with surroundings (diffusive medium and even outflows de-
veloped from accretion discs), thermodynamics, and radiation. According to Equation (1), a differ-
ent geometry of the torus (covering factorC and angleΘtorus) could lead to a different environment
within Dsub and strongly affect the subsequent evolution of captured clumps. The present model
coupling a cloud’s dynamics and thermodynamics, in principle, would naturally explain the exis-
tence of high/low-ionisation regions during the spiral-in to galactic centres and lead to the observed
correlations among properties of different lines found in PG quasars10. The type C clouds could be
accelerated by the radiation pressure of the accretion discs and provide a potential sources of out-
flows, which could be related with several issues in AGNs. Accretion discs are currently presumed
to power AGNs, but how to form such structures from a torus should be investigated along with
mergers of BLR clouds. Observationally, future campaigns of monitoring AGNs with different
asymmetries46, 108, 109, optical Fe II47, near infrared emission62 and orientations deduced from the
ratio of core-to-extend radio emission110 will help identify the global structure and origin of the
BLR.
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Supplementary Table 1
A list of parameters involved in the present model
Parameter Physical meanings Valid ranges Uncertainties
(〈∆X/X〉)
ζ0 R
0
Tω
0
A/v
0
A: determines trajectories of clumps 0 ∼ 50 1.6
γ
A
cloud A distribution index: NA = N
0
Av
γ
A
A 0− 4 0.5
ξA v
0
A = ξA
(
ζ20 + 1
)
−1/2
v0K, v
0
K is the Keplerian velocity at R
0
T. < 1 0.2
R0/Rg the circulaized radius of type A clouds ∼ 6.2× 103 0.3
Rin radius of type B clouds merging with accretion disks < RBLR 0.6
γ
B
cloud B distribution index: NB = N
0
Bv
γ
B
B 0− 4 0.5
fB fraction of type B clouds 0 ∼ 1 0.3
ξC v
0
C = ξCv
0
K, v
0
C is the ejection velocity of type C clouds at R
0
T. > 1 0.3
fC fraction of type C clouds, properties shown by Equation (7) 0 ∼ 1 0.6
i inclination angle of observers, i = 0◦ (edge-on) and i = 90◦(face-on) & 40◦ 0.2
Auxiliary Parameters (the fixed values are listed by the numbers in bold fonts)
Θtorus half angle of torus given by the Θtorus − L[OIII] relation Ref.1
α
A
cloud A velocity index: vA = v
0
A
(
R/R0T
)
−α
A
0.45; ≤ 0.5
α
C
cloud C velocity index: vC = v
0
C
(
R/R0T
)
−α
C
0.30; ≤ 0.5
β
A
cloud A angular velocity index: ωA = ω
0
A
(
R/R0T
)
−β
A 1.8; ≥ 1.5
γ
C
cloud C distribution index: NC = N
0
Cv
γ
C
C 0; ∼ 0.5
γ vertical distribution of clumps in torus: ∝ (cos θ
C
)
γ
1; ∼ 1
Γ 1 + α
A
− β
A
R0T/Rg tidal disruption radius of clumps. 10
4; (R0, Rtorus)
RBLR the emissivity-averaged radius of the BLR determined by RM.
ϕ0 position angle of tidal event. ϕ0 = pi/2
ω0A angular velocity of type A clouds at R
0
T. absorbed by ζ0
Note: the averaged 〈∆X/X〉 is obtained by the statistic of individual∆X/X of the sample. HereX is any one
of the fitting parameters in the model.
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Supplementary Table 2
Resultant parameters of best-fittings of four quasars
Parameter PG1354+213 PG2251+113 PG1351+640 PG1700+518
ζ0 6.1
+10
−6 0.71
+1.5
−0.5 0.02
+5
−0.02 38
+13
−31
ξA 0.36
+0.3
−0.1 0.59
+0.2
−0.1 0.42
+0.1
−0.1 0.63
+0.1
−0.1
γA 0.79
+1.4
−0.79 3.6
+0.9
−1.8 0.51
+0.9
−0.2 1.5
+0.9
−0.5
R0(10
3Rg) 3.2
+1.2
−0.9 2.6
+1.0
−0.7 1.4
+1.5
−0.8 7.5
+1.5
−2.5
Rin(10
3Rg) 0.31
+0.2
−0.1 0.38
+0.1
−0.1 0.39
+0.1
−0.1 3.6
+1.3
−0.9
γB 1.2
+0.1
−0.1 2.1
+0.9
−1.0 2.8
+0.9
−1.8 3.0
+0.9
−1.3
fB 0.95
+0.1
−0.6 0.78
+0.1
−0.2 0.73
+0.1
−0.1 0.24
+0.0
−0.1
ξC 2.7
+0.5
−1.1 1.1
+0.2
−0.5 2.2
+0.1
−0.4 2.9
+0.1
−0.1
fC 0.02
+0.1
−0.02 0.18
+0.1
−0.1 0.04
+0.01
−0.01 0.44
+0.1
−0.1
i(◦) 75+8
−13 66
+9
−9 74
+5
−9 61
+2
−1
Line profiles
AHβ 4.85 0.15 12.8 2.90
SHβ 0.30 0.22 1.41 1.07
ZHβ 1.34 1.12 1.77 2.15
Parameters of all the PG quasars will be provided on request.
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Supplementary Table 3
Classifications of resultant fittings
Model Number Objects (total of 87 PG quasars)
B 1 1354+213
B+C 1 2251+113
A+B 12 0003+199, 0934+013, 1004+130, 1012+008, 1103-006, 1211+143, 1351+236
1351+640, 1512+370, 1534+580, 1617+175, 2233+134
A+B+C 73 0003+158, 0007+106, 0026+129, 0043+039, 0049+171, 0050+124, 0052+251
0157+001, 0804+761, 0838+770, 0844+349, 0921+525, 0923+129, 0923+201
0947+396, 0953+414, 1001+054, 1011-040, 1022+519, 1048-090, 1048+342
1049-006, 1100+772, 1114+445, 1115+407, 1116+215, 1119+120, 1121+422
1126-041, 1149-110, 1151+117, 1202+281, 1216+069, 1226+023, 1229+204
1244+026, 1259+593, 1302-102, 1307+085, 1309+355, 1310-108, 1322+659
1341+258, 1352+183, 1402+261, 1404+226, 1411+442, 1415+451, 1416-129
1425+267, 1426+015, 1427+480, 1435-067, 1440+356, 1444+407, 1448+273
1501+106, 1519+226, 1535+547, 1543+489, 1545+210, 1552+085, 1612+261
1613+658, 1626+554, 1700+518, 1704+608, 2112+059, 2130+099, 2209+184
2214+139, 2304+042, 2308+098
B: fA,C ≤ 5%; B+C: fA ≤ 5%; A+B: fC ≤ 5%; A+B+C: fA,B,C > 5%.
If it is less than 5%, we consider that component to be negligible. There are only two profiles with B
and (B+C) components, only 12 objects with (A+B), while the majority of 73 objects employ (A+B+C).
Generally, type B clouds are necessary in all objects, type A appears in 85/87 objects, and the type C
in 74/87.
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Supplementary Figure 1: Comparisons of our model fits with observed Hβ profiles of PG quasars. Solid black
lines are the observed profiles, red lines are from type A clouds, the yellow from type B and the blue from type C and
the green is the total of the three cloud types. The dashed lines are λ0 = 4861A˚.
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Supplementary Figure 1 Continued.
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Supplementary Figure 1 Continued.
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Supplementary Figure 1 Continued.
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Supplementary Figure 1 Continued.
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Supplementary Figure 2: Distributions of the parameters obtained by fitting Hβ profiles. Note fC = 1−(fA+fB),
the average fraction of type C clouds is 〈fC〉 ≈ 0.1 and fC ≪ (fB, fA) holds for most objects of the PG sample. There
are a couple of objects with ξC & 2, potentially implying acceleration of type C clouds driven by radiation pressure,
but this possibility needs to be explored by numerical simulations.
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Supplementary Figure 3: Illustration of physical meanings of parameters describing profiles. Panel a shows a car-
toon of decomposed profiles for physical meanings of the three parameters defined by Equation (16). The barycentre
wavelength and fluxes are obtained by including flux-weight. As the first order approximation, the two parameters
of (h, λ¯) can completely describe individual profiles of the decomposed components and hence provide reasonable
asymmetries, shapes and shifts of the total spectra. Panels b-d illustrate the relationship between SHβ and real shapes
of profiles (from a triangular to boxy).
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Supplementary Figure 4: Correlations between S ′Hβ and Z ′Hβ versus L[OIII]. Panel a shows a consistent correlation
with panel b in Figure 4. There are four outliers with Z ′Hβ & 1.2 deviating from the correlation in panel b. For objects
with L[OIII] & 10
43erg s−1, Z ′Hβ ≈ 1 remains, which have smaller torus angles (Θtorus . 30◦).
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Supplementary Figure 5: A comparison of PG quasar inclinations from the present model with α
OUV
as an
orientation2. This shows that they are consistent with each others. The Spearman coefficient and null-probability are
indicated in the plot except for PG 1535. Error bars of αOUV are not given by Ref.
2, and i is given in Supplementary
Table 1.
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